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m Steam Enhanced Extraction (SEE) Operations
Progress

® Near-term SEE Operational Plan
Review of Transition Criteria and EPA comments

Review of TTZ Development and Adjustments
relative to SEE and EBR
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Target Treatment Zone (TTZ) Soil Volume cubic yards (cy)

Vapor Liquid Treatment Started 09/29/14

Last Process Data Update 11/16/15

Days of Operation vs. Estimate 98 percent (%)

Total Energy Used kwh

Total Steam injected 257.2 million pounds (lbs}

Steam Injected Vs Projected 80 %

Total Mass Removed as NAPL 1,118,548 lbs

Total Vapor and Liquid Mass Removal (based on Ibs

Average Wellfield Vapor Extraction Rate Last 366 standard cubic feet per minute (scfm)

Average Water Extraction Rate Last Week 119 gpm

Total Recovered Light Non-Aqueous Phase Liquid

gallons

Total Treated Water Discharge 84,898,000 gallons

Py

Integrity — Service — Excellence
ED_005025_00006360-00005



SEE System Operations 6 October — 16 November
@ Average liquid extraction rate of 116 gpm
Typically five to six eductor skids were online at a time

Average steam injection rates of 15,300 Ibs per hour in the LSZ, 6,900
Ibs per hour in the UWBZ, and 6,100 Ibs per hour in the CZ

® Thirty-two steam wells online — injection rates at wells have varied due
to pressure cycling conducted in the CZ, LSZ and UWBZ

 SEE discharge continues to meet compliance standards

Integrity — Service — Excellence
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=
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o 1.00
&

0.10

0.01

PID Readings

o Wellfield Fffluent PID Reading [ppmV]

== Ady Strlpper 01 PID Reading [ppmvi

= Ajr Stripper 02 PID Reading {ppmv

hermal Accelerator influent PID Reading {ppmvl
= SEICK PID Reading [ppmvi

= Aocelerator 01 Effluent PID Reading [pprmv]

1/7 4717 7/26 1173
Date

211

Vapors continue to be rich in organics
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Steam Injection Steam injection, Rate
g Stearm tnfection Cumulative fibs] ~g~ 1 S7 Stzam injection Cumatative [is] wen Stea injection Daily [ibs/hsl —g— 1 57 Steam injection Daify [Ibs/r}
iioen O Steam injection Cumulative [ihs) s WBZ Steam Injection Cumulative [ibs] et CZ Steam injection Daity [los/hr) UWBZ Steam njection Dafly [los/hr]

300,000,000 50,000

45,000
250,000,000 E

= = 40,000
= 2
L] =

©200,000,000 T 3B
‘s <

- 2 30,000
2 £

150,000,000 @ 245,000

. £ ,

2 =

£ = 20000
100,000,000 ‘g

15,000

S0,000,000 e B 10,000

5,000

[ : < . 0 e =
8/28 177 4/17 /28 1173 2/11 a/29 118 47 226 4/17 /6 /26  9/14 113 12/23
Date Date

=  Current average steam injection (operational period ending 16 November
2015)
» CZ: 2,000 Ibs/hr ~ 4.0 gpm as water
» UWBZ:11,200 Ibs/hr ~ 22.4 gpm as water
» LSZ:4,100 Ibs/hr ~ 8.2 gpm as water
Total steam injection rate equivalent to 34.6 gpm of water

Integrity — Service — Excellence
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70,000,000

60,000.000

50,000,000

40,000,000

30,000,000

20,000,000

Cumulative Liquid Extracted [gallons]

10,000,000

0

Water Balance, Cumulative

- Lguid and Condensate Extracted Cumudative [galfons]

—gpeee O ddenisate Extracied Cumuiative [gallons]
=t iguid Extracted Cumulative fgall

sgeen Stearm injeciion {as water) Cuy e
=—ip=mNet Liquid Extraction Cumulative {galfons]

9/29

1/7 4/17 7/26
Date

11/3

2711

Liguid Extraction Rate [gpm]

Water Balance, Rates

-~ iquald and Condensate Extracted Dally [gpm]
s Liguaid Extraction Rate {gpm]

===t Liguid Extraction Daily [gomi]

=g ondensate Extracted Dally [gpem]

~sgenStearn injection {as water} Daily [gpmi

200

150

100 -+~

wu
]

-5Q

9/29

11/18

17

2/26 4/17 6/8 7426 8/14 13 12/23

Date

=  Currently, the condensate production rate is ~ 0.3 gpm

= Based on energy balance analysis, additional steam is likely being pulled
into and condensing in the liquid extraction system; this steam extraction
is not measureable and is not accounted for in condensate production
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Eductor Flow by Zone

Eductor Cumulative by Zone

waipenn CZ fEDINY i £ 57 [apr} st UWEBZ [gpm}
180 e (7 Totad {gallons] e | S7 Total {gaifons] e UWBZ Total [gaffons
60,000,000
160
140 50,000,000
=y &
§_ 120 s
o8 i € 1 T 40,000,000
[ 5 ; s
] 100 T R R TR -
2 ? & : ] =
[ ’ é § -g
3 80 g ; o 30,000,000
¢} -
s 1 Z
o Eﬁ 5 20,000,000
B
40 =
10,000,000
20 -
o QRIS — . Q i : R
9/28 1/7 4717 7/26 11/3 2/11 8f29 11/18 1/7 2/28 4717 6/8 7726 9/14 11/3 12723

Eductor extraction rates per zone are based on individual eductor feed and
return meters
Extraction: injection ratio for the week ending 16 November 2015: 3.4:1
based on average flows
= CZ: 6 October— 16 November 2015 period: 2.4:1
= UWBZ: 6 October— 16 November 2015 period: 2.3:1
= LSZ: October— 16 November period: 2.5:1
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Steam Injection and Water Extraction Balance
e § 57 wigter extraction rate thased on eductor flow meters) [gpm]
ction rate {gpm]
7 water extraction rate (based on eductor flow meters} fgpm]
Z steam injection rate [gopmi
e CF ter extraction rate {based on edactor flow meters} fgpm]
seegeos CF stearn injection rate [gpay}
180
160
E 140
24
& 120
= % % 4 E:
= o0 | S . —
2 ; E . g; ?
5 | i é.
g & - ; ; g
L R R L e B T T i
30 -4 i # \\\\\\\\\ -----------------
‘:t‘-\‘\\“\§\\&;\“‘“‘\\\\\\\*‘ sl o L
0 ; L s
9/29 11/18 1/7 2/26 /17 6/6 7/26 9/14 11/3 12/23
(74 UWBZ LSZ
[gallons] [gallons] [gallons]
Water extracted 9,944,000 | 21,931,000 50,199,000
Water injected (as steam) 2,319,000 7,431,000 21,137,000
Net extraction 7,625,000 14,500,000 29,062,000

Note: water extracted to date per zone is based on individual eductor meters
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-g-5T012-C01 ~@-57012-002  -u-5TOL2-RB-3A ~»e-5T7012-U02 #-57012-U011  -4--5T012-U12
e GTQ12-U437 e STOL12-U3B e STOLZ-W11 =g STO12-W12 8~ STOLZ-W24  ~#~STOLZ-W30

i STOL2ANBA i STOL2-W36 i STOL2-W3S7 i STOLZ-W38
1196

1195 by Fog S St beny,
§ ¥ A

1183

1182

1191
1190
1189
1188

1187

Groundwater Elevation (FT AMSL}

1186

1185

1184

1383
9/23 1112 1/1 2/20 4/11 5/31 7420 8/8 10/28 12/17
Date

Water level increases are temporary
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Monitoring Well 10/23/2015 10/30/2015 11/6/2015 11/13/2015

CZ/UWBZ Wells | Before bailing | After Bailing Before bailing | After Bailing Before bailing | After Bailing Before bailing | After Bailing
ST012-C01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ST012-C02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
UWBZ Wells

ST012-U02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S$T012-U11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ST012-U12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ST012-U37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S$T012-U38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
STO12-RB-3A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
LSZ Wells

ST012-W11 9.31 0.60 31.26 0.70 45.71 10.04 21.63 14.49
ST012-W12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ST012-W24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
STO12-W30 0.17 0.17 0.15 0.15 0.13 0.13 0.00 0.00
ST012-W34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ST012-W36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ST012-W37 15.68 4.80 14.55 3.31 4.39 0.20 82.36 17.94
ST012-W38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Integrity — Service — Excellence
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= Review of Phased Groundwater Remedy:

= “When the effectiveness of contaminant mass removal by SEE has

diminished, the remedial action will transition to enhanced
bioremediation. The criteria that will be evaluated for this transition
will be developed jointly by the AF, EPA, and ADEQ as part of the
Remedial Design/Remedial Action Work Plan” (excerpt from
RODA2, Section 1.4)

“The evaluation for completion of thermal operations will be made
between AMEC and TerraTherm and discussed with the AF, EPA,
and ADEQ prior to termination of steam injection.” (excerpt from
RD/RA WP, Section 4.2.4, Transition to Enhanced Bioremediation)

“The specific methods for enhanced bioremediation will be
established in consultation with EPA and ADEQ based on biological
and contaminant conditions after SEE implementation.” (excerpt
from RODA2, Section 1.4)

Integrity — Service — Excellence
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m Criteria established to evaluate when the effectiveness of contaminant
mass removal by SEE has diminished:
Primary SEE to EBR Transition Criteria
m Achieve target subsurface temperatures
@ Diminishing mass removal rates

Secondary SEE to EBR Transition Criteria

m Completion of Pressure Cycling: Repeat until no additional significant
increases in effluent vapor concentrations observed when steam
pressure is reduced

# Benzene Concentrations: Target benzene concentration of 100 to 500
Hg/L range within the TTZ (interior of the TTZ)

m Steam Injection: Used as a guideline to measure progress vs. design
m Criteria are based on principal of multiple lines of evidence. The criteria
will be considered in total with the weight of evidence from these

multiple lines being used for decisions. Individual compliance with
each criteria is not absolute.

Integrity — Service — Excellence
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Analysis: According
to slide 20 from Oct
15, the target
temperature for the
CZis ~ 100C, which

has almost been met.

The target for the
UWBZ is ~114C,
which has almost
been met. The target
for the LSZ is ~134C,
which has not been
met.
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Temperature [C]

Average Temperature by Zone

—a—Average CZ Temperature {}

—gAyerage UWBZ Temperature |C}

~geeAverage LSZ Temperature {(] = Ayerage LSZ temperature {above 235 ft bgst i}

160

150

140

- 300

13¢

126

11e

- 250

é}

5

100

2423 4/14 6/3 7723

Date

9/11

10/31

50
12/20

Temperature [F]

CZ Target Treatment Temperature: ~100°C
UWBZ Target Treatment Temperature: ~114°C

LSZ Target Treatment Temperature

134°C

Integrity — Service — Excellence
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temperatures
continue to increase
in CZ and UWBZ

LSZ temperature
sensors 240 ft bgs
and lower generally
do not show steam
temperatures
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Temperature Monitoring Point Maximum Depth-Averaged
??E-zmg:}emtuzfe-i {*C) During SEE Operations by Fone

(57
Temperature cz UWBZ LPZ ISZ  |{depths ahove
Monitoring Point . }
235 ft bgs)
P01 114.6 130.5 e NAA
P03 137.3 110.2
THP06 137.4 135.0
P07 134.6 137.2
THP0s 132.3 1341
TpL2 1218 1714
ThE13 130.8 1384
Thae15 128.7 126.5
P17 139.3 1413
Maximumdepth- .
] 128.5 127.5 134.0
averaged by rone”

i wf A, Temperature Monitoring Point has oo sensorsin that zone

iTe:?np:eramre of the thermocouples across each depth zone are averaged foreach TMP and
eadh avallable ime interval and then the maxinum value of those averages throughout
operations is listed in the table,

: Awerage of magimum depth-averages listed sbove for alt TMPs In each zone.

Target treatment
temperatures
achieved in all
zones (LSZ <235
ft bgs)

CZ Target Treatment
Temperature: ~100°C
UWRBZ Target Treatment
Temperature: ~114°C
LSZ Target Treatment
Temperature: ~134°C

Integrity — Service — Excellence
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| ||y s |y |t
Well MPE Well MPE Well MPE
Location Tenf::?z:ure Tzzs:::: Location Tenf:::::ure TZZE:IZ:J;e Location Tenf:::::ure TZZS:;:J:
€207 | Perimeter No No UWBZ01 | Interior Yes w5701 Interior Yes b
€708 | Perimeter No No UWBZ02 | Interior Yes LW (5702 Interior Yes L
cz09 | Perimeter No " UWBZO4 | Interior Yes \\\\\\\\\\\ 17504 Interior Yes  bmaa
€710 | Perimeter No \\\\\\\\\\\\\\\\ UWBZO05 | Interior Yes L we LSz05 Interior Yes b e
c711 Interior Yes b s ywazos Interior Yes \\\\\ \\\\ LSZ06 Interior Yes | aea
712 Perimeter No | % TUWBZI0| Perimeter No \\\\\\\\\\\ 15708 Perimeter - 49
cz13 Perimeter No B Wi 0 UwBZ17 | Perimeter No | e Lsz11 Perimeter No e
c714 Perimeter No \\\\\\\\\\\\\\\\ UWBZ18 |  Interior Ves \\\\\ \\\\ 1SZ12 Perimeter No | No |
715 Interior Yes | JUWBZI9 | Perimeter No | w5713 Interior Yes R
cz16 | Perimeter No \\\\\ UWBZ20 D::!H;h::;r' No No Lsz14 | Perimeter No No
€717 | Perimeter No 1 %s  UwBz1 | outside UWBZ No No L5715 Interior Yes ma
€718 Perimeter No No UWBZ22 |  Perimeter No LSZ16 Interior Yes B
c719 Perimeter No No UWBZ23 | Outside UWBZ No \\\\\ \\\\\\“ Lsz17 Perimeter No L s
€220 | Outside CZ No No UWBZ24 D:jlrfnh:::r“ No No 15728 | Perimeter No W
UWBZ26 | Outside UWBZ No No 157229 Perimeter No
UWBZ27 | Outside UWBZ No b 8 (5730 Interior Yes \\\\\\\\\\\\\
15733 | Perimeter No \\\\\\\\\\\\
1734 Interior Yes b
= Steam breakthrough has been 15735 | Perimeter No \\\\i\\\\\
achieved at all interior MPE wells A
15738 | Perimeter No | s
15739 Perimeter No | No |
L5740 Interior =
15742 Perimeter -

Integrity — Service — Excellence
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m Analysis: This criterion is nonspecific. The purpose of pressure

cycling, and indicated in the statements above is to enhance
volatilization of contaminants. It is not intended to improve
mobilization and recovery of NAPL which may have been
retarded by premature initiation of pressure cycling. Ideally, the
bulk of NAPL should be removed first before initiation of
pressure cycling as the finishing step. As long as NAPL is being
recovered, steam injection should continue, then institute
pressure cycling to remove the last of the volatiles. It is
unfortunate that we did not discuss criteria for initiation of

pressure cycling in the work plan.

Prosnurs
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oo 5 GUour when sieam ressure I8
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Operational data reviewed to determine initiation of pressure cycling:
# Multi-phase Extraction (MPE) Well Vapor Extraction Temperature
# Temperature Monitoring Point Data
# Calculated MPE Well Formation Temperature
&

Pressure cycling initiated to enhance benzene removal and to limit potential
NAPL migration outside the TTZ

B Pressure cycling status reviewed on 27 May 2015 BCT call prior to initiation
and again on 24 June 2015 BCT call after it was initiated in the northern
portion of the UWBZ. Pressure cycling status has been reviewed monthly
since then on BCT calls

# Pressure Cycling Status by Zone
cz

ressurization
epressurization

*Please note that dates in the table above are the dates that pressurizations or depressurizations were initiated

Integrity — Service — Excellence
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Analysis: Current LNAPL
recovery is at 30% of peak
removal rate; vapor recovery is
50% of peak removal rate; Criteria
for termination of steam injection
has not been met. EPA considers | ovrares.Co
the criteria of 10% of the peak ;;:?;Q;;g e
mass recovery to be high whe | T2 o e ciuionc
compared to the mass recovery

rates that have been used to
support thermal treatment
termination at other sites. We
cannot support termination of
treatment when thousands of
pounds of contaminant mass are

being extracted daily.

sarpovat Tate

@
s below the W port
FEITHI A r;z 54 mw, t«. m gémwn
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Project Progress, Mass Removal {Total) Project Progress, Mass Removal Rate
- - — - Thermat Accelerator infet Wiass Load Daily (based on PID} Bbs/dayl
- They maf Acceferator intet Mass Load {based on PiD) Cumuiative fibs] . . . .
i ) . ) M s wogeen Thermal Accelerator infet Mass Load {based on Lab} Daily [ibs/dayl
oo Ther mat Accaterator l.met ffass Load {based op Lab) Cumulative [Hbs} s ThOrM3! Accelerator infet Miass Load Dally fbased on FID} Hhs/day}
~engpens | NAPE Mass Cumulative [lbs] ooodpeon § NAPL Miass Daily (Distributed) (fhs/day]
=—g=Tota} Mass Cumedative (based on PID and LNAPL) [ibs] 14,000 14,600
2,500,000
12,000 12,000 —
— =
o]
2,000,000 _E' =
A = 10,000 10,000 %
= S =
s = ©
- - 2
©1,500,000 = 8,000 8,000 g
£ 2 £
3 £
& G &
@ & 6,000 6,000
1,000,000 4 ]
= 5 =
= 400 - - 4000
<
500,000 £
2,000 2000 ™~
P ao— : i — _— R ‘ o P pro ‘ ‘ o 4w ‘ B
8/29 11/18 1/7 2{26 4717 6/6 7/26 9/14 1143 12/23 {29 147 4/17 7/26 143 2411
Date Date

=  Total Contaminant Mass Removal: 2,000,197 Ibs recovered
= An estimated 1,118,548 lbs (170,251 gallons) as non-aqueous phase liquid (NAPL)
= An estimated 881,649 lbs of mass (PID) removed in the vapor phase
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Daily Mass Removal Rate {LNAPL and Vapor) Percent of Peak Daily Mass Removal
1 Rate (LNAPL and Vapor)
e Total mass {NAPL and vapor) fibsfdayl o DO ¢ of peak %]
25,000 i 110%
100%
L:
— — 80%
F 20,000 X
;';7 x 80%
£ & o g
3 15,000 %5 -
- %
£ g !
& £ sox
w 10,000 a
W 30 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
[+
EEE R . I ', N A W T S ] 1 DO
5,000 e SR SRR R e @ L R, BBY TR TRa g Baagirg 00|
4
o ‘ SRS S
9/29 17 4417 7/2e 1143 2/11 9/29 17 4/17 7/26 11/3 2/11
Date Date

= Mass removal target of ~10% of peak is appropriate for ST012 because of the
follow-on EBR and natural attenuation planned

= Mass removal peaked on 14 May 2015 at 22,506 Ibs/day

= Mass recovery has dropped to <10% of the peak
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Distributed Daily Mass Removal Rate (LNAPL) Percent of Peak Distributed Daily Mass
Removal Rate {LNAPL)

gt NAPL Mass Daily {Distriuted) fbs/day
ase Daily Distrisuted; ibs/ay} e} MAPL Mass Daily {% of Peak Distributed) [%}

14,000 110%
100%
12,000
= o 90%
(] T
= 10,000 B so%
[2) 1)
2 a8 .
=" =, 70%
B p000 E 3
z z  50%
£ R ¥
& 6,000 e« ’
@ _ 2 40%
2 4000 B e L 0 2 .
20%
2,000
10%
0 e NN———— C— 0% 4 : o
9/29 4717 7/28 13/3 2/11 4j17 11/3 2/11

Date

= Daily LNAPL mass removal peaked on 5 May 2015 at 12,760 Ibs/day
= LNAPL recovery has dropped to ~10% of the peak
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Daily Mass Removal Rate {Vapor)
Percent of Peak Daily Mass Removal Rate {Vapor)
oo Thermat Accelerator intet Mass Load Daily {based on PID} fbs/day]
=~ Percent of peak (%]
14,000 110%
100%
12,000
—_ = 9%
& =
= 1000 = 8% 3
2 @ p
= & 70%
T 3,000 ®
g ’ 2 6%
[}
] = 509 %
& 5000
2 i i
fd
Yo JE R —— T S R e . T L L W W I Y
2000 G b b B AT R LB H L T T T e b M s T e
8/29 147 4/17 7/26 1143 2/11 a/29 /7 4/17 7/26 11/3 /11
Data Date

= Daily vapor mass removal peaked on 14 May 2015 at 12,009 Ibs/day
=  Vapor mass removal rates have dropped to <15% of the peak
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e {0121 PAGsS Removal (based on PID and ENAPL) CZ Pressurization
o e (7 Depressurization UWERZ Pressurization

o e UIWERY Depressurization wene £ S7 Pregsurization Peak mass
e e §7 Depressurization wowe e OF Depressurization removal

e & 5 occurred
\r \:»‘\ &

< ’ 5 April
A . §§ S‘V{S;“’Oi prl o

30,000 %

June 2015
(vapor and
NAPL

25,000

-y R
%‘1 g §
3 phases)
g § H]
= 20,000
w ; §
= H §
= £ §
E 15,000 b : :
@ i
m K 3
s | i f
= 10,000 ¢ | f
§ § H
e
5,000 o - ¥ Bz N S

: g i 3

§ 3 i
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Date
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Vapor phase
removal has
stabilized
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Analysis: EPA considers 100 ug/l of benzene in
groundwater an appropriate target for a successful
remediation, and would not support terminating
steam treatment before the stated target (100 — 500
ug/l) is reached

Benzene concentralions in adranied
sowcerirations: | gl g

ejﬁx;;mdaim
within
raraedy tme
oo,

gr@uﬂd miwf
: L it‘w T TZ&,

"'v‘iz“iﬁ i th&
mi&zmr cf the TTZ” ’(h;m iﬁ" erirsier.
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m 100 to 500 pg/L was set as the goal for SEE in the interior as the
concentration range where natural attenuation can complete complete
degradation within the remedy timeframe (20 years post ROD)

# Groundwater concentrations above 500 pg/L expected to remain at TTZ
perimeters because of known contamination outside of TTZ.

# Contribution from perimeter likely enhanced by elevated temperatures
(increased dissolution and solubility)

# Groundwater concentrations may also be above 500 ug/L in some areas of
TTZ interior because of contribution from perimeter groundwater (i.e.,
extracted groundwater at interior MPE wells originates as a combination of
condensed steam and perimeter groundwater that has pulled to the
interior)

m Concentrations above 500 ug/L (as high as 5,500 ug/L in RD/RAWP model)
in the TTZ can be addressed through EBR

m Depletion of LNAPL in TTZ interior leaves mainly dissolved phase BETX

# Sulfate injected at perimeter will migrate and contribute to reductions in TTZ interior

2 EBR treatment of perimeters will reduce further perimeter contributions to TTZ interior
Additional sulfat be injected in TTZ if
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m During FFS SEE TTZs selected based on dissolved benzene at that time
2 In UWBZ extended TTZ to included general areas of TEE pilot
# In LSZ limited by physical constraints (e.g., Sossaman Road)
= Benzene concentration within the site limited by available data

3 “Tvesehoaend A
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During PDI/RDRA WP previously selected TTZs updated based on PDI

boring data

Base and conservative LNAPL extent interpretations

CZ/UWBZ and LSZ TTZs expanded on the west

Residual NAPL identified outside the TTZs to be addressed in remedy by EBR
Proof of concept for EBR to handle residual LNAPL mass in modeling appendix
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During full-scale SEE construction designed TTZs evaluated based on
full-scale well boring data
# Residual NAPL confirmed outside the CZ TTZ

# 10 address areas of heavier NAPL near CZ TTZ, added 1 CZ MPE well to west
to increase potential LNAPL recovery

# No mobile NAPL and low benzene concentrations pre SEE
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During full-scale SEE construction designed TTZs evaluated based on
full-scale well boring data
# Residual NAPL confirmed outside the UWBZ TTZ

# To address areas of heavier NAPL near TTZ, added 2 UWBZ MPE wells to west
to increase potential LNAPL recovery

= Converted 2 UWBZ MPE wells in west to dual purpose wells
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During full-scale SEE construction designed TTZs evaluated based on
full-scale well boring data
# Residual NAPL confirmed at LSZ TTZ perimeter

# No new wells installed, adjusted SIW and MPE well configuration to avoid
pushing steam into NAPL observed near perimeter

# Highest observed mobile NAPL and benzene concentrations pre SEE

Legennd

Eapggmimg FPRE ¥ 5
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m Two rounds (PDI/RD/RAWP and during construction) of changes to increase
extent of SEE influence were implemented during design and construction

# CZ benzene concentrations pre-SEE already met the EBR transition criteria.
They are now higher due to the enhanced solubility of NAPL/benzene. A similar
relationship is seen in the UWBZ. LSZ had higher pre-SEE benzene
concentrations than other zones but is the most improved.

m LSZ is approaching benzene goals in interior. Continued progress expected in
CZ.

B UWBZ had the greatest estimated extent and mass of NAPL outside the TTZ of
the three zones. Achievement of benzene concentrations is dependent on

perimeter effects and data suggests perimeter influence in UWBZ may be
significant. Further treatment of UWBZ needed to validate perimeter influence.

# SEE as a method of removal of NAPL/benzene from beyond the TTZ is much less
efficient as from within the TTZ. Transition to EBR, even in the presence of mass
removal at the TTZ perimeters, represents a greener remediation approach to the
remaining mass than continued extraction by SEE and is consistent with the
ROD and the RD/RAWP
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Analysis: Criteria for amount of steam injection has not
been met. The design steam injection rate was based on
1.6 pore volumes of steam injection, which is lower than
the commonly used criteria of 2 pore volumes of steam.
The projected steam injection should be seen as a
minimum amount of steam to be injected.

Note: Volume of steam injection is identified as a
guideline for tracking and is not a transition criterion. No
minimum volume established (per Table 4-2 RD/RAWRP)

sxpeched o be nlecled nto e TY
mndeling of oosres of nperations. Thiz moresantis an
s averags Bushing of the TTE pore wolume of
18 pove wohimes of sieam o waler
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Pressure » (Z:Currently in the second pressurization/depressurization cycle
Cycling Status * UWBZ: Currently in the fifth pressurization/depressurization cycle
* |SZ: Currently in the fourth pressurization/depressurization cycle

Benzene e Qverall decline in dissolved phase benzene concentrations but reaching
Concentrations asymptotic level — perimeter contribution

ED_005025_00006360-00053



® Primary transition criteria met (temperatures and mass removal).
Pressure cycling ongoing.

m Coordinated pressure cycle ongoing (all zones simultaneously) —
will help quantify status for enhance volatilization

® Additional sampling ongoing:

Continue ~weekly jar test results

Collect groundwater samples in the LSZ in week of 30 Nov

Collect groundwater samples in the UWBZ & CZ early to mid Dec

Week of 14 Dec — Review and discuss latest data (BCT call 17 Dec.)

> 31 Dec — Shutdown of steam

#@ Sample planning is dynamic in response to results received at

each round. Changes are likely.

>
>
>
>
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= EBR RD/RAWP Model Review

= Review of Phase 1 Injection Plan

= Potential Adjustments to Phase 1 Injection Plan
based on Jar Test Results

= Preliminary Path Forward for EBR
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EBR modeled by reactive transport numerical model (MODFLOW-
SURFACT)

B Source was estimated as LNAPL distribution less:

 90% LNAPL removal in the TTZs (except LPZ at 50%)

 90% benzene reduction in benzene content from LNAPL within TTZs (except
LPZ at 50%)

2 Untreated LNAPL remains outside the TTZs (0% reduction from residual
saturation)
# Dissolved benzene concentrations established in the model at solubility
(includes concentrations up to 5,500 ug/L)

Conservative degradation rates assumed

With adequate supply of sulfate, dissolution rate of LNAPL can be the
rate limiting process but model demonstrated ability of EBR to address
remaining contamination after SEE including areas of untreated LNAPL
outside the TTZs

m Dissolution rate of benzene enhanced by elevated temperatures of SEE
(not accounted for in EBR modeling)
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At end of active sulfate
EBR, based on modeling,
benzene may still be
present at concentrations >
1,000 pg/L

By 2031, the benzene
concentrations in each of
the hydrostratigrapic zones
are predicted to be below 5

Mg/L.

Table E-4.15 Predicted Maximum and Sverage Dissolved Benzene Concentrations
Following Sulfate-Reducing EBR

Predicted Bonzene

Hydrostratigraphic Date Concentration
Zone {monthivear)
End of EBR
0472017 21 27 Reciroulation/ TEA
Addition
Cobble Zone 412025 4 25 78 ~8 years following
EBR
oy . =15 years following
012031 008 .95 ERR
End of EBR
D4/2017 210 1,400 Recroulation/TES
. Addifion
Upper Water Bearing IRy— P
Zone 04126125 5.5 9.5 -8 years following
EBR
. ~15 years following
M2031 1.0 33 EBR
End of EBR
04120817 31 273 Reciroulation/TEA
Addition
Lower Saturated Zone GaioneE 19 68 é% éeam following
. ~ 15 years Inflowing
042031 g4 28 ERR
Boles:
- aggpronimat
; ey e
ERR - near ioremediation

TEA — terrainal slenton aeoeplor
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= Preliminary Phase 1 Injections

» Focus on areas of highest mass outside of SEE TTZs

3~

A
N
y"'

Use some existing perimeter monitoring wells
Install additional perimeter wells

Implement batch injections of sulfate solution in perimeter
wells

Continue extraction from SEE perimeter wells to promote
distribution of sulfate solution through contaminated zones

Monitor conditions and adjust
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= Phase | injection/extraction — CZ (160 ft bgs)
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= Sulfate Distribution (without reaction) for Phase |
injection/extraction — CZ — 150 days
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= Ph

ase | ir)jectionlextraction - UWBZ (180 ft bgs)
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= Sulfate Distribution (without reaction) for Phase |
injection/extraction - UWBZ - 150 days
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» Phase | injection/extraction — LSZ (220 ft bgs)
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= Sulfate Distribution (without reaction) for Phase |

injection/extraction — LSZ — 150 days
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--------------- Will monstar this
S — LIS S SFES- f@f sulfate [ X
& injected upgradient

Legend

FERBSETER NTIRREG BELL

I UWEE ~ 10

WEG UREBE - 4

Dias, PURPOEE VWY = 2

HEVERME THP W THERROODUMES = 97
UWBE RIRERP THERMAL TREATMENT 2048
FROPOSED SUECTON, SAMPLIG LODNTIN
HATER LIME

NATUREL GRS LINE

SEWER LINE

FENCE HNE

BTG BERMDARY

THERMAL REFLUENCE TDRE, $0% RDWOVEL
RDE ZOME, 3% RDMDWAL

..... - : - S | MOOEL EXTENT OF MENIDUAL LMAPE-BASE

....... : T 5 - S S * MOGEL CETENT OF RESDOAL LNSPL-CONSERGINE
Most Recent Jar Test Result NOTE, HEDE, DXTENT SIS BATED O EAPECTED
....... PERCENT FEMOVAL SITHE EML.‘H mmua

@y @ . No Evidence of NAPL
¥ NAPL Sheen
Measureable Layer of NAPL

Inltlal Sulfate (tons)
@.- Proposed Injection Location
) Proposed Extraction Location

Integrity — Service — Excellence
ED_005025_00006360-00067



Legend

PERRSIEN WONTIENY w80

SN BT >~ 18

WOE BT = 37

SETADUAL TP ATH TIRMIOOUTLRS = 13
153 FRARARY THERMA TREARORNT IUNL
PRUPUGEY SN RN LOCATION
AR L

NETUNS, A& UINE

JERER unE

FENCE 139

SHRY BOUNREY

L S

IMERION, FLNEISIE SOKE, SUR RERIVE.
N 20BE, K MK

MODEE DXTEMT OF REBNRMS. DNSPL-REE
ROORL ERVENT U ARRRES. (MPLADTERTE

RO QODEL DXIENY SN SRAED O SRPECHED
FERDERY REMIRRE VATIERE TGN SOMITUR

- Most Recent Jar Test

“© No Evidence of NAPL
NAPL Sheen

Measureable Layer of NAPL

Initial Sulfate (tons)
Proposed Injection Location
Proposed Extraction Location

fate in

Integrity — Service — Excellence
ED_005025_00006360-00068



« Path Forward
s RD/RAWP Addendum #2 for EBR
» Detail Phase 1

> Present methods for alternate injection strategies in the
future — details of locations and volumes will be presented
in future BCT meetings/calls

» Currently in AF review.
» Projecting submission of draft on 30 Nov
= Implement Phase 1

» Begin drilling in January

> Injection timing depends on final SEE schedule and
drilling completion
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